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LIPOSOMAL ANTISENSE METHYL PHOSPHONATE OLIGONUCLEOTIDES 
AND METHODS FOR THEIR PREPARATION AND USE 

The present invention relates to liposomal formulations of antisense 
oligonucleotides, methods of making such formulations, and methods of using them 
to treat cancer. 

Chronic myeloid leukemia (CML) is an acquired clonal disorder involving the 
hematopoietic stem cell characterized by a prominent expansion of granulocytes. PO- 
PS % of CML patients have a Philadelphia chromosome (Ph+) in the dividing bone 
marrow cells. The Ph+ chromosome results from a reciprocal translocation, t(9;22) 
(q34;qll), which relocates the c-abl prptooncogehe on chromosome 9 to the 
breakpoint cluster region (bcr) of chromosome 22. The bcr-abl hybrid gene encodes 
a novel p210^ fusion protein with tyrosine kinase activity. p210*»*^-^' is of either 
Lr6 (bcr exon n and c-abl exon -2" linkage or b2/a2 linkage) or K-28 linkage (bcr 
exon II and c-abl exon "2** linkage or b3/a2 linkage). p210*^'^' is believed to be 
involved in the pathogenesis of the disease by promoting selectively the expansion of 
mature myeloid progenitor cells. 

The disease divides into two clinical phases: an initial chronic phase, followed 
by a fatal blast crisis phase. The treatment of CML is very problematic. The 
established methods of treatment of CML are (1) interferon and (2) syngeneic or 
allogeneic bone marrow transplant. Only 25% of patients develop long-term 
remissions. Goldman and Calabretta found that antisense oligonucleotides directed 
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to the translation initiation site of the bcr-abl mRNA induced a reduction of p210*'""^* 
expression and suppressed the growth of Ph+ cells but not Ph- cells. Thus the use 
of antisense oligonucleotides may offer a new therapeutic approach to CML. 

5 The t\^'o main obstacles in using antisense oligonucleotides to inhibit gene 

expression are: (a) cellular instability and (b) cellular uptake. Natural 
phosphodiesters are not resistant to nuclease hydrolysis; thus high concentrations of 
antisense oligonucleotides are needed before any inhibition effect is observed. 
Modified phosphodiester analogs, such as phosphorothioates and methyl 
10 phosphonates, have been made to overcome this nuclease hydrolysis problem, but 
they have not provided a completely satisfactory solution to the problem. 

The cellular uptake of antisense oligonucleotides is low. To solve this 
problem, two different approaches have been used. One approach is to use high 

15 concentrations of antisense oligonucleotides; Even though this approach can increase 
the uptake of antisense oligonucleotides, it may also induce non-specific, toxic side 
effects. The other approach is to use physical techniques such as calcium-phosphate 
precipitation, DEAE-dextran mediation, or electroporation to increase the cellular 
uptake of oligos. These techniques are difficiilt to reproduce and are inapplicable /n 

20 vivo. 

There is a need for improved antisense compositions for use in treatment of 
disease, and also a need for processes for making such improved compositions. 

25 The present invention relates to a liposomal methyl phosphonate 

oligonucleotide composition. The composition comprises (a) a liposome which 
comprises at least one phospholipid, and (b) an antisense methyl phosphonate 
oligonucleotide which is entrapped in the liposome. The molar ratio of phospholipids 
in the liposome to the methyl phosphonate entrapped in the liposome is between about 

30 100:1 and about 10,000:1. 
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"Entrap" and "incoiporate" are used in this patent to mean that the antisense 
methyl phosphonate oligonucleotide is enclosed within a lipid vesicle or is otherwise 
contained somewhere within the walls of a liposome. 

In preferred embodiments of the invention, the at least one phospholipid is 
selected from the group consisting of phosphatidyl cholines and phosphatidyl serines, 
with dioleoyl phosphatidyl choline being a particularly preferred lipid! The molar 
ratio of phospholipids in the liposome to the methyl phosphonate oligonucleotide 
entrapped in the liposome is preferably between about 500: 1 and about 5.000: 1 . most 
preferably about 1.000:1. The liposome is preferably unilamellar. 

The present invention also relates to a process for making a liposomal methyl 
phosphonate nucleotide composition. The process includes the steps of (a) mixing an 
antisense methyl phosphonate oligonucleotide in a first organic solvent wiUi at least 
one phospholipid in a second organic solvent, where the molar ratio of phospholipid 
to methyl phosphonate is between about 100:1 and about 10.000:1. (b) lyophilizing 
the mixmre formed in step (a), thereby producing a lyophilized powder, (c) hydrating 
the lyophilized powder, and (d) sonicating the hydrated material. 

The lyophilized powder is preferably hydrated in step (c) to a concentration 
between about 5 mM and about 50 mM, most preferably to a concentration of about 
10 mM. The first organic solvent is preferably dimethyl sulfoxide and the second 
organic solvent is preferably t-butanol. with t-butanol being used in excess such that 
the concentration of t-butanol in the mixture of step (a) is at least 95% by volume. 

The present invention also relates to a method of treating chronic myeloid 
leukemia, comprising administering to a living mammalian subject in an amount 
effective to inhibit the growth of leukemic cells an antisense liposomal methyl 
phosphonate oligonucleotide composition as described above. The composition should 
also be useful in the treatment of other disease conditions in which similar gene 
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rearrangements are observed, including cancers of a number of types, such as cancers 
of the cells of the hemopoietic system. 

The advantages of the invention include improved stability of the antisense 
5 oligonucleotides compositions under biologic conditions, improved uptake of the 
composition in cells, improved incorporation efficiency of the oligonucleotides into 
liposomes, and enhanced specific therapeutic effect of the antisense oligonucleotides 
against GML and other disease conditions in which similar gene rearrangements are 
observed. 

10 

Figure 1 shows growth inhibition of BV 173 and K562 cells by liposomal or 
free methyl phosphonate complementary to the L6 jimction of the bcr-abl fusion gene 
mRNA. Concentrations of liposomal or free MP used varied between 100 to 500 
nM. After 5 days of treatment, the cells were harvested over a 10% Ficoll solution 
15 and coimted. The nimiber of treated cells were reported as percent of the nimiber of 
untreated cells. The values were reported as an average of two wells +: error. 

Figure 2 shows growth inhibition of K562 and HL60 cells by liposomal or free 
methyl phosphonate complementary to the K28 junction of the bcr-abl fusion gene 
20 mRNA. Concentrations of liposomal or free MP used varied between 100 to 500 
nM. After 5 days of treatment, the cells were harvested over a 10% Ficoll solution 
and counted. The number of treated cells were reported as percent of the number of 
untreated cells. The values were average of two wells +. error. 

25 Figure 3 shows growth inhibition of K562, EM2 and HL60 cells by liposomal 

or free methyl phosphonate complementary to the translation mitiation site of the bcr- 
abl fusion gene mRNA. Concentrations of liposomal or free MP used varied between 
100 to 500 nM. After 5 days of treatment, the cells were harvested over a 10% 
Ficoll solution and counted. The number of treated cells were reported as percent of 

30 the number of untreated cells. The values were average of two wells ± error. 
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For optimal therapeutic use, antisense oligonucleotides have to be resistant to 
nuclease hydrolysis and yet retain the fiill capacity to form hydrogen bonds with the 
target mRNA bases. The present invention achieves those goals, in part through the 
use of methyl phosphonate derivatives of antisense oligonucleotides. Methyl 
5 phosphonates are phosphodiester analogs that have substituted a methyl group at the 
nonbridging oxygen atom in the phosphate backbone. This strucniral modification 
makes the methyl phosphonate oligonucleotide a non-ionic analog. Thus it is 
insoluble in aqueous solutions and can only be dissolved in organic solvents. 

1 0 The cellular uptake of methyl phosphonates is believed to be passive diffusion, 

which is a slow and limiting process. Therefore, the present invention uses liposomes 
as a carrier to avoid the limitations of the passive diffusion mechanism and to avoid 
the usage of organic solvents. 

15 "Liposomes" is used in this patent to mean lipid-containing vesicles having a 

lipid bilayer, as well as other lipid carrier particles which can entrap antisense 
oligonucleotides. The liposomes can be made of one or more phospholipids, 
optionally including other materials such as sterols. Suitable phospholipids include 
phosphatidyl cholines, phosphatidyl serines, and many others that are well known in 

20 this field. The liposomes can be, for example, multilamellar or have an undefined 
lamellar structure, but are preferably unilamellar. 

The techniques of the present invention are believed useful with all antisense 
methyl phosphonate oligonucleotides. The methyl phosphonate oligos used in the 
25 examples in this patent have between 16-18 bases. 

A liposomal composition in accordance with the present invention can be made 
by, for example, dissolving methyl phosphonate oligonucleotides with a first organic 
solvent. The first organic solvent preferably will be a mixture of organic solvents 
30 and water, but preferably contains at least one of dimethyl sulfoxide (DMSO) or 
acetonitrile. Phospholipids (and optionally other materials such as sterols) are 
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provided in a second organic solvent. The second organic solvent can also be a 
mixture of organic solvents and water, but preferably contains tertiary butanol. The 
oligonucleotides and phospholipids together with their solvents are mixed, preferably 
in the presence of an excess of t-butanol so that the final volume of t-butanol in the 
5 mixture will be at least 95 % . The mixture can then be agitated, for example by being 
vortexed, and then frozen in, for example, an acetone/dry ice bath. The frozen 
mixture is then lyophilized and subsequently hydrated, for example with a saline 
solution. The liposomes that are formed are preferably sonicated. 

10 The liposomal composition could also be prepared by other processes. 

A composition of the present invention is preferably administered to a patient 
parenterally, for example by intravenous, intraarterial, intramuscular, intralymphatic, 
intraperitoneal, subcutaneous, intrapleural, or intrathecal injection, or may be used 
15 in ex vivo bone marrow purging. Preferred dosages are between 0.01 - 1.0 g/kg. 
The administration is preferably repeated on a timed schedule until the cancer 
disappears or regresses, and may be in conjunction with other forms of therapy. 

The making and use of the present invention is further illustrated by the 
20 following example. 

Materials 

Methyl phosphonate oligonucleotides were synthesized by Genta, Inc. 
Phospholipids were purchased from Avanti Polar Lipids. 

25 

Oligonucleotide Labeling 

Methyl phosphonate oligonucleotides (MP), synthesized with a phosphodiester 
base at the 5' end, were labeled at 37**C with p^7]ATP at the 5* end by T4 kinase. 
The MP labeling reaction was carried out for 24 h. The oligonucleotide as 
30 precipitated with ethanol at -20**C overnight. After washing with 70% ethanol three 
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limes, MP oligonucleotides were twice filtered with a Microcon-3 filter to separate 
the labeled oligonucleotide from free PPyJATP. 

Liposome Preparation 

Methyl phosphonates oligonucleotides dissolved in DMSO were mixed with 
phospholipids in the presence of excess t-butanol so that the final volume of t-butanol 
in the mixture was at least 95 % . Trace amounts of pH]cholestanyl ether and [^^P]MP 
were also added to the mixture as lipid and oligonucleotide markers, respectively. 
The mixture was vortexed before being frozen in an acetone/dry ice bath. The frozen 
mixture was lyophilized and hydrated with Hepes buffered saline (1 mM Hepes and 
10 mM NaCl) overnight. Liposomes were twice sonicated for 10 min in a bath type 
sonicator. Empty liposomes were prepared in a similar manner, except that no 
oligonucleotide was added to the lipids before the freezing process. 

Separation of Free Oligonucleotides from those Incorporated 
in Liposomes 

The separation of free MP from MP incorporated in liposomes was done by 
.loading the mixture over a 10% Ficoll solution, which was centrifuged for 10 min at 
2000 rpm. Aliquots of the preparation were taken before arid after centriftigation for 
liquid scintillation counting to assess the incorporation of MP in liposomes. 
Typically, MP was incorporated into liposomes with a 90% or greater efficiency. 

Delivery of Oligonucleotides to Cells 

Fifty thousand cells/well were seeded in a 24-well plate in 1 ml of media. 
After 2 h of seeding, final concentrations of 100-500 nM of oligos were added to 
cells either as liposomal oligonucleotides or free oligonucleotides. After 5 days of 
delivery, cells were harvested over a 10% Ficoll solution. The number of cells was 
then counted by a Coulter counter. 

Before the incorporation of MP into liposomes, it was important to find an 
efficient method to remove, the viscous DMSO efficiently, because any traces of 
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organic solvent such as DMSO could prevent the formation of liposomes. Two 
different techniques of removing DMSO were used: rotoevaporation and 
lyophilization. It was found that lyophilization can successfully remove DMSO 
efficiently and quickly, whereas rotoevaporation cannot. However since DMSO has 
5 a low freezing point, an excess amount of t-butanol was added to enhance the freezing 
process. The final volume of t-butanol should be at least 95% of the total mixture. 

The lipid phosphatidylcholine (PC) was chosen for the incoiporation of MP 
because (1) both PC and MP are neutral molecules, so they should be compatible and 

10 (2) PC is well-studied lipid and is easy to handle. To incorporate MP into liposomes, 
MP was mixed with dioleoyl phosphatidyl choline (DOPC) in the presence of an 
excess of t-butanol before the freezing and the lyophilization processes. Various 
molar ratios of DOPC to MP were used. When DOPC/MP multilamellar vesicles 
were prepared, MP was successfully incorporated in DOPC liposomes but only with 

15 less than 15% efficiency (Table 1). The incorporation efficiency was dependent on 
the molar ratio of DOPC to MP. The greatest efficiency of incorporation was 
observed when the molar ratio of DOPC to MP was 1000:1. 



20 Table 1 

Effect of molar ratio of DOPC to MP on the incorporation 
of MP in multilamellar vesicles. 

Molar ratio of DOPC:MP Incorporation efficiency (%)• 
10:1 0 
25 100:1 0 
500:1 6.4 
1000:1 13.8 
10000:1 2^6 

30 * The incorporation efficiency values were obtained from one experiment. 
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Various techniques of preparing the DOPC/MP liposomes were studied. Table 
2 shows that the efficiency of incorporation of MP in DOPC liposomes was much 
higher (--88%) when the liposomes were sonicated. 



Table 2 

Effect of sonication on the incorporation 
of MP in DOPC liposomes. 



Methods of Liposome Preparation* 


Incorporation efficiency (%)*» 


Unsonicated multilamellar vesicles 


17 


Unsonicated extruded unilamellar 




vesicles 


15 


Sonicated unilamellar vesicles 


88 



15 ' The molar ratio of DOPC to MP was 1000: 1 . 

" The incorporation efficiency values were obtained from one experiment. 

20 Sonicated, unilamellar DOPC-containing liposomes were prepared to 

incorporate MP. The technique was identical in all cases. However, the molar ratios 
of DOPC to MP were varied. Table 3 shows that the incorporation efficiency of MP 
was dependent on the molar ratio of DOPC to MP. 
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10 



Table 3 

Effect of molar ratio of DOPC to MP on the mcorporation 
efficiency of MP in sonicated, unilamellar liposomes. 

Molar ratio of DOPC:MP Incorporation efficiency (%)" 
10:1 13.7 
100:1 13.2 
1000:1 77.4 
10000:1 28.1 

* The incorporation efficiency values were obtained from one experiment. 



Similar to the multilamellar vesicles, the highest incorporation efficiency was 
15 observed when DOPC to MP was at a 1,000:1 molar ratio. 

The lipid composition was varied as well as the final hydration concentration 
of liposomes to test the effects of those parameters on the incorporation efficiency of 
MP in liposomes. PCs with different acyl chain lengths were used as well as another 
20 phospholipid (phosphatidylserine) which has a different headgroup. The liposomes 
were hydrated either at a final concentration of 1 mNl or 10 mM. Table 4 shows that 
in all cases the efficiency of MP incorporation was higher when the liposomes were 
hydrated at 10 mM final concentration rather than at 1 mM final concentration. 
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Table 4 

Effect of lipid composition and the final hydration 
concentration of liposomes on the incorporation 
efficiency of MP in liposomes. 

Lipid Composition Incorporation effi ciency (%) 

iFinal Hydration Concentration of 
Liposomes 



10 



15 



20 





ImM' 


lOmM!' 


Dilauryl (C12) phosphatidylcholine 


38.1 


83.0 + 3.0 


Dimyristoyl (C14) phosphatidylcholine 


60.3 


97.5 + 2.5 


Dipalmitoyl (C16) phosphatidylcholine 


40.3 


86.5 + 3.5 


Distearoyl (C18:0) phosphatidylcholine 


57.1 


90.5 + 2.5 


Dioleoyl (CI 8:1) phosphatidylcholine 


34.9 


92.5 + 2.5 


Dioleoyl (C18:l) phosphatidylserine 


ND 


95.0 + 2.0 



• The incorporation efficiency values were obtained from one experiment. ND means 
not determined. 



Incorporation efficiencies were reported as the average of two experiments ± 



error. 



When the liposomes were hydrated at 10 mM final concentration, at least 80% 
25 MP incorporation was observed with all the lipids tested. This showed that our 
method of MP incorporation into liposoines was compatible with various lipids. 

Among the different lipids tested. DOPC was one of the easiest to handle, 
thus it was decided to use the composition of MP/DOPC at a molar raUo of 1/1000 
3 0 for cell snidies. The liposomes were hydrated at a final concentration of 10 mM and 
soriicated for 15-20 min. 
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Inhibition by Antisense Oligonucleotide Complementary 
to the L6 Junction of the bcr-abl Gene 

Both BV173 and K562 cells bear characteristics of Ph+ CML cells. BV173 

and K562 contain L6 and K28 junctions, respectively. Antisense oligonucleotides, 

5 complementary to the L6 junction of the bcr-abl genie, in the form of MP were used. 

They were delivered to both BV 173 and K562 cells either as liposomal or free 

oligonucleotides. As shown by Figure 1 , the number of BV173 cells decreased as the 

concentration of liposomal or free oligonucleotides increased. When 100 and 250 nM 

of L-MP were used, the number of BV173 cells decreased to 50 and 20 percent of 

10 control (untreated cells), respectively. Thus, approximately 50 and 90% growth 
inhibition of BV173 cells were observed. However, when the same concentrations 
of free MP were used, the nxmiber of BV173 cells remained about 100% of control. 
Thus, when 100 or 250 nM of free MP were used, there was no growth inhibitory 
effect on BV173 cells. At 500 nM of L-MP or free MP, over 80% growth inhibition 

15 of BV173 cells was observed for both cases. Under identical conditions, there was 
hardly any growth inhibition of K562 cells even when 500 nM of L-MP or free MP 
was used. Growth inhibition was not found when empty liposomes were used (data 
not shown). 

20 Inhibition by Antisense Oligonucleotides Complementary 
to the K28 Junction of the bcr-abl Gene 

Antisense oligos, coniplementary to the K28 junction of the bcr-abl gene, in 

the form of MP were used. Antisense oligonucleotides were delivered to both K562 

and HL60 cells. K562 cells were Ph+ and HL60 cells were Ph-. Five days after the 

25 addition of liposomal or free oligonucleotides, the cells were harvested and counted. 
The total number of K562 cells decreased to 70, 60 or 35% when 100, 250 or 500 
nM of L-MP were used (Figure 2). This corresponded to approximately 30, 40 and 
65% growth inhibition. When free MP was used, the number of K562 cells did not 
decrease until 500 nM concentration. The number of HL60 cells hardly changed in 

3 0 the presence of L-MP or free MP. Again, empty liposomes did not have any 
inhibitory effect on the growth of K562 or HL60 cells (data not shown). 
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Inhibition by Antisense Oligonucleotide Complementary 
to the Translation Initiation Site of the bcr-abl Gene 

K562 and EM2 cells are Ph+ CML cells while HL60 cells are not. Antisense 

oligonucleotides, complementary to the translation initiation site of the bcr-abl gene, 

5 in the form of MP were used. Increasing concentrations of L-MP and MP were 

added to all three different types of cells (Figure 3). The number of K562 cells was 

not affected by the presence of L^MP or free MP. However, the number of EM2 

cells decreased to 30-60% of control. In other words, 40-70% inhibition was 

observed. When identical concentrations of free MP were used, the number of EM2 

10 cells decreased to about 70-80% of control, which was interpreted as 20-30% 
inhibition. Thus, when the same concentrations of L-MP and free MP were added 
to EM2 cells, greater mhibition effect was observed with L-MP than free MP. The 
number of HL60 cells did not decrease till 500 nM of L-MP or free MP was used. 
There was no inhibitory effect of empty liposomes on any of these cell types (data not 

15 shown). 

The preceding description of specific embodiments of the present invention is 
20 not intended to be a complete list of every possible embodiment of the invention. 
Persons skilled in this field will recognize that modifications can be made to the 
specific embodiments described here that would be within the scope of the present 
invention. 
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CLAIMS: 

1; A liposomal methyl phosphonate oligonucleotide composition, 
comprising: 

5 

a liposome which comprises at least one phospholipid; and 

an antisense methyl phosphonate oligonucleotide which is entrapped in the 
liposome; 

10 , 

where the molar ratio of phospholipids in the liposome to the methyl 
phosphonate entrapped in the liposome is between about 100:1 and about 10,000:1. 

15 2. The composition of claim 1, where the at least one phospholipid is 

selected from the group consisting of phosphatidyl cholines and phosphatidyl serines. 

3. The composition of claim 1, where the molar ratio of phospholipids in 
20 the liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
between about 500:1 and about 5,000:1. 



WO95/03788 PCT/US94,08568 

-15- 



in 



4. The composition of claim 1 , where the molar ratio of phospholipids 
the liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
about 1,000:1. 



5. The composition of claim 1, where the liposome is unilamellar. 

6. The composition of claim 1, where the liposome 
comprises dioleoyl phosphatidyl choline. 



7. A liposomal methyl phosphonate oligonucleotide composition, 
comprising: 

a liposome which consists essentially of one or more phospholipids, with at 
least one of the phospholipids being a phosphatidyl choline; and 

an antisense methyl phosphonate oligonucleotide which is entrapped in the 
liposome; 

where the molar ratio of phospholipids in the liposome to the methyl 
phosphonate oligonucleotide entrapped in the liposome is between about 100:1 and 
about 10,000:1. 
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8. The composition of claim 7, where the molar ratio of phospholipids in 
the liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
between about 500:1 and about 5,000:1. 

5 ■ ■ 

9. The composition of claim 7, where the molar ratio of phospholipids in 
the liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
about 1,000:1. 

10 



10. The composition of claim 7, where the liposome is unilamellar. 



15 



1 1 . The composition of claim 7, where the liposome consists essentially of 



dioleoyl phosphatidyl choline. 



12. A process for making a liposomal methyl phosphonate oligonucleotide 



20 



composition, comprising the steps of: 



(a) mixing an antisense methyl phosphonate oligonucleotide in a first organic 
solvent with at least one phospholipid in a second organic solvent, where the 



wo 95/03788 



PCT/US94/08568 



-17- 



molar ratio of phospholipid to methyl phosphonate is between about 100: 1 and 
about 10,000:1; 



(b) lyophilizing the mixture formed in step (a), producing a lyophilized powder; 

(c) hydrating the lyophilized powder; and 



(d) sonicating the hydrated material. 



13. The process of claim 12, where the at least one phospholipid is selected 
from the group consisting of phosphatidyl cholines and phosphatidyl serines. 



14. The process of claim 12 where the lyophilized powder is hydrated i 
step (c) to a concentration between about 5 mM and about 50 riiM. 



15. The process of claim 12, where the lyophUized powder is hydrated ii 
step (c) to a concentration of about 10 mM. 
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16. The process of claim 12. where the first organic solvent is dimethyl 
sulfoxide and the second organic solvent is t-butanol, and t-butanol is used in an 
excess amount such that the concentration of t-butanol in the mixture of step (a) is at 
least 95% by volume. 



5 



17. A process for making a liposomal methyl phosphpnate oligonucleotide 
composition, comprising the steps of: 

10 (a) mixing an antisense methyl phosphonate oligonucleotide in an organic solvent 
with at least one phospholipid in t-butanol, the at least one phospholipid being 
selected from the group consisting of phosphatidyl cholines and phosphatidyl 
serines, where the molar ratio of phospholipids to methyl phosphonate 
oligonucleotide is between about 100:1 and about 10,000:1, and where t- 

15 butanol is used in an excess amount such that the concentration of t-butanol 

in the mixture is at least 95% by weight; 

(b) lyophilizing the mixture formed in step (a), producing a lyophilized powder; 

20 (c) hydrating the lyophilized powder; and 



(d) 



sonicating the hydrated material. 
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18. The process of claim 17, where the lyophilized powder is hydrated in 
step (c) to a concentration between about 5 mM and about 50 mM. 

5 19. The process of claim 17, where the lyophilized powder is hydrated in 

step (c) to a concentration of about 10 mM, 

20. A liposomal methyl phosphonate oligonucleotide composition made by 
10 a process comprising the steps of 

(a) mixing an antisense methyl phosphonate oligonucleotide in a first organic 
solvent with at least one phospholipid in a second organic solvent, where the 
molar ratio of phospholipids to methyl phosphonate oligonucleotide is between 

15 about 100:1 and about 10,000:1; 

(b) lyophilizing the mixture formed in step (a), producing a lyophilized powder; 
hydrating the lyophilized powder; and 
sonicating the hydrated material. 



(c) 

20 

(d) 
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21. the composition of claim 20, where the at least one phospholipid is 
selected from the group consisting of phosphatidyl cholines and phosphatidyl serines. 

5 22 . The composition of claim 20, where the lyophilized powder is hydrated 

in step (c) to a concentration between about 5 mM and about 50 mM. 

23 . The composition of claim 20, where the lyophilized powder is hydrated 
10 in step (c) to a concentration of about 10 mM. 



24. The composition of claim 20, where the first organic solvent is 
dimethyl sulfoxide and the second organic solvent is t-butanol, and t-butanol is used 

15 in an excess amount such that the concentration of t-butanol in the mixture of step (a) 
is at least 95% by weight. 

25. A method of treating chronic myeloid leukemia, comprising 
20 administering to a living manmialian subject in an amount effective to inhibit the 

growth of leukemic cells an antisense liposomal methyl phosphonate oligonucleotide 
composition which comprises: 
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a liposome which comprises at least one phospholipid; and 

an antisense methyl phosphonate oligonucleotide which is entrapped in the 
liposome; 

5 

where the molar ratio of phospholipids in the liposome to the methyl 
phosphonate entrapped in the liposome is between about 100:1 and about 10,000:1. 

0 26. The method of claim 25, where the at least one phospholipid is selected 

from the group consisting of phosphatidyl cholines and phosphatidyl serines. 

27. The method of claim 25, where the molar ratio of phospholipids in the 
> liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 

between about 500:1 and about 5,000:1. 

28. The method of claim 25, where the molar ratio of phospholipids in the 
liposome to the methyl phosphonate oligonucleotide entrapped in flie liposome is 
about 1,000:1. 
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29. The method of claim 25, where the liposome is unilamellar. 

30. The method of claim 25, where the liposome comprises dioleoyl 
5 phosphatidyl choline. 

31. A method of treating chronic myeloid leukemia, comprising 
administering to a living mammialian subject in an amoimt effective to inhibit the 

10 growth of leukemic cells an antisense liposomal methyl phosphonate oligonucleotide 
composition which comprises: 

a liposome which consists essentially of one or more phospholipids, with at 
least of the phospholipids being a phosphatidyl choline; and 

15 

an antisense methyl phosphonate oligonucleotide which is entrapped in the 
liposome; 

where the molar ratio of phospholipids in the liposome to the methyl 
20 phosphonate oligonucleotide entrapped in the liposome is between about 100:1 and 
about 10,000:1. 
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32. The method of claim 3 1 , where the molar ratio of phospholipids in the 
liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
between about 500: 1 and about 5,000: 1 . 



5 



10 



33 . The method of claim 3 1 , where the molar ratio of phospholipids in the 
liposome to the methyl phosphonate oligonucleotide entrapped in the liposome is 
about 1,000:1. 



34. The method of claim 31, where the liposome is unilamellar. 



15 



35. The method of claim 31, where the liposome consists essentially of 
dioleoyl phosphatidyl choline. 
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